P revious to th e year 1871 few observations h ad been m ade in B elgium for determ ining the elem ents of te rrestrial m agnetism , i f we except th e series w hich has been carried on w ithout in terru p tio n a t th e R oyal O bservatory since 1828. Before th is la tte r date th e Intensity and D ip had never been ascertained, and th e re existed only two reliable measures o f th e D eclination, viz. th a t o f 20° 35'*5 for O stend, w hich P igot observed in 1772, and th e o th er for N ieuport, w hich, a t ab o u t th e same date, was found by Mann to be 19° 48'*5. Since 1828 th e observations m ade a t any o th er station besides Brussels have not been num erous. I n 1854 th e D ip was m easured a t A ntw erp, Courtray, G hent, Mons, and O ste n d ; th e H o rizo n tal Force was found a t Liege and Louvain in 1829, 1850, and 1854, and also a t N am ur in 1 8 2 9 ; and th e th re e elem ents were observed in 1859 at G h en t and M echlin. T h e results of these various observations are collected in the w ork en titled " L a P hysique d u G lobe," by M. A . Q uetelet, and in D r. Lamont's u U ntersuchungen fiber die R ich tu n g u n d S tark e des E rdm agnetism us in B elgien,' &c.
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T h e com puted value o f th e D ip a t th e c e n tra l s ta tio n is th e re fo re 66°-87299, th e direction o f th e Isoclinals b e in g from N . 82° 2 8 ' 19"-4 E . to S. 82° 28' 19"-4 W ., an d th e distance betw een stations, w hose D ip s differ by 0°'5, 47*6 m iles.
T h e D ip a t th e several statio n s o b ta in e d fro m th is c a lc u la te d d ata, an d com pared w ith th e observed m ean values, fu rn ish es th e fo llo w in g T a b le o f e r r o r s :- T h e probable e rro r a t any one statio n w ill th erefo re be ± 0 -1 0 4 4 5 , w h ilst th a t o f th e m ean D ip a t th e central station is ± 0 * 0 2 1 8 5 .
R eferrin g now to previous observations,-we sh all be ab le to ascertain approxim ately th e secular variation o f th e D ip. T h e only d eterm in atio n s o f th is m agnetic elem ent for stations o u t o f B russels are those o f M . M ahmoud E f f e n d i in 1854 and of D r. L amont in 1858, and these w ill serve to form th e follow ing Tables* T he values for G h e n t an d B russels in th e first colum n o f figures o f T ab le IV . do n o t inspire m u ch confidence, as th e la tte r is id en tical w ith L amont's value for 1 8 5 8 ; and th e form er is m uch sm aller th a n th e corresponding n u m b e r in T ab le V ., a lth o u g h observed four years previously.
T able V . gives a secular v ariatio n w h ich lies a b o u t m idw ay b etw een th e values -0*062 and -0*054 found respectively for th e W e s t an d E a st o f F rance. T able IV . would m ake th e secular variation -0*050, if we neglected th e tw o d o u b tfu l q u an tities. D r. L amont gives -0*0417 as th e an n u al decrease for 1858, w hich w ould in d icate an acceleration o f th e yearly rate. W e know , how ever, from th e continuous series of obser vations m ade a t th e B russels O bservatory, and p u b lish ed in its A n n u aire ' by th e em in en t D irector, M . A . Q uetelet, th a t th e a n n u al decrease has b een g rad u ally dim inishing from 0°*0527 in 1830 to 0°*0194 in 1865, th e yearly v ariatio n being 0*00095. T h e extrem e values of th e D ip observed a t th e B oyal O bservatory a t B russels w ere 68° 56'*5 in 1827*8, and 67° 8'*0 in 1871*5.
THE REV. STEPHEN J. PERRY ON THE MAGNETIC
The Magnetic Intensity. T his Table, com bined w ith th e preceding determ inations o f th e D ip, furnishes us w ith th e m eans o f calculating th e com ponents o f th e e arth 's m agnetic intensity, and th e m agnetic m om ent o f th e vibration-needle. The second m em bers o f our original equations rem aining each unchanged, b u t being three fewer in num ber, T able V II. w ill enable us a t once to form th e equations of con dition for determ ining th e n a tu re o f th e lines o f equal H o riz o n ta l Force. T h e ir solution leads to th e follow ing values: H . F. = 3*96649, x --0*00030302, y = 0 * 0 0 1 5 8 0 8 .
Aix
H ence we find th a t th e re is a distance o f 62*13 m iles betw een th e lines, indicating a difference of 0*1 in th e H o rizo n tal Force, and th a t th is system o f lines is inclined a t an angle of 79° S' 557*7 to th e m eridian, th e direction b ein g from N . 79° 8/ 55"'7 E . to S. 79° S' 55"*7 W . T h e differences betw een th e observed results and those com puted from th e above d a ta furnish a T able for calcu latin g th e probable errors. This gives us as th e probable error for th e m ean a t a single station + 0*01327, w hilst th at at the central station is + 0*00332.
In order to determ ine th e secular change o f th e H orizontal Intensity, I have collected together, and reduced to E nglish units, all th e previous observations w ith w hich I am acquainted. T he values for 1858 are ta k en from D r. L amont's 4 Erdm agnetism us,' and those for 1839 and 1854 may be found scattered in th e introduction to th e same work.
T h e num bers for 1829 and 1850 have b een calcu lated fro m th e d a ta given in M. A Q uetelet's treatise 4 S ur la P h y siq u e d u G lo b ean d fo r 1850 I have m ade th e suppo sition, w hich I find to be m ost consonant w ith th e observations cited in th e same work, th a t th e ratio betw een th e values o f H o riz o n ta l F o rce a t P a ris an d B russels is on the whole nearly constant, th a t ra tio b ein g 0-961. N eglecting th e two observations enclosed w ith in b ra c k ets as b ein g evidently too large, we find, by com paring these n u m b ers w ith those given in T ab le V I I I ., th e following values of th e secular v a ria tio n :- These results give + 0 '00542 as th e m ean value o f th e yearly change o f th e H orizontal Force for th e epoch 1858*56. I f we com pare th is w ith th e a n n u al increase deduced from th e num erous observations m ade a t B russels b etw een th e years 1828 and 1860, we obtain a strong confirm ation o f th e ap p ro x im ate correctness o f th e above value. H ansteen, L amont, and Q uetelet have each expressed th e law o f increase o f th e H o ri zontal Force a t Brussels in an analytical form , an d th ese formulae give respectively, for th e epoch 1850, 0*005422, 0*005183, and 0*005617, as th e secular increase. T h e mean of these differs from th e re su lt found above only by 0*000031. T h e acceleration for the same date given by H ansteen's fo rm u la is + 0 * 0 0 0 0 3 7 ; b u t Q uetelet m akes th e increase of th e yearly ra te considerably m ore rapid. T h e concluded value o f th e secular variation of th e H orizo n tal Force for B elgium is slig h tly in excess o f th a t found for F rance from th e surveys o f 1868 and 1869.
W e w ill now pass on to th e discussion o f th e resu lts obtained from th e com bined obser vations o f th e H ip and H o rizo n tal F orce a t th e several stations. In stead o f form ing new equations of condition w ith th e values given in T ab le V I I ., and th e n solving them by th e m ethod of least squares, we can find th e In te n sity a t each station by combining directly th e com puted as w ell as th e observed values in T ables I I I . and V III ., and thence deduce th e probable errors. . C alling th e In te n sity deduced im m ediately from th e observed H orizontal Force and D ip th e observed In ten sity , and th a t form ed from th e com puted values the com puted In ten sity , we th u s obtain th e following re s u lts :- ................................... A r lo n ....................... ................ G hent........................................ L ie g e ........................................ M o n s........................................ .................................... T h e pro bable e rro r a t any statio n w ould th u s b e + 0*0321, w h ilst th a t o f th e m ean is + 0-0080.
I f we exam ine carefully th e above figures, we find th a t th e in te n sity increases as we proceed N o rth w ard s, b u t th a t th e c o m p u ted an d observed values do n o t agree as to th e E astw ard or W e stw a rd ten d en cy o f th e lines. T h e observed values in th e W e s t are g reater th a n those in th e E a s t ; b u t w hen th e distance o f each statio n from th e m erid ian o f Brussels is ta k e n in to account, th e isodynam ics a re fo u n d to lie N . W . an d S.E . T h is re su lt is confirm ed by com bining th e observed values by th e m e th o d o f least squares, w hich gives 10-10525 as th e T o ta l F orce a t th e c e n tra l statio n , an d for th e d irectio n o f th e lines N . 70° 3' 34 ,,*6 W . to S. 70° 3' 34"-6 E . T h a t th is is n o t caused by m ere accidental errors a t c e rta in statio n s m ay be clearly s h o w n ; for, castin g o u t th o se stations w hose values are abnorm al, an d th e n re c alc u la tin g th e p o sitio n o f th e lines o f equal In te n sity , we o b ta in a very sim ilar re su lt, even w h en as m any as th e six le ast reliab le values are o m itted . I t is u n fo rtu n a te th a t L amont's survey o f 1858 does n o t afford sufficient d a ta for c o m p u tin g th e isodynam ics in B elg iu m alone for th a t e p o c h ; b u t if w e ta k e h is stations in B elgium a n d H o lla n d , alo n g w ith th e n e ig h b o u rin g posi tions o f A ix-la-C hapelle an d E m den, w e o b ta in n in e eq u atio n s o f condition, w hich fu rn ish lines o f eq u al In te n sity com m on to th e tw o countries, a n d th e d irectio n o f th ese is from N . 57° 6' 6f,*3 E . to S. 57° 6' 6"-3 W . T h e p ro b ab le errors are very n early th e sam e as those given above, b eing + 0 * 0 3 1 5 8 2 for a single statio n an d + 0 -0 1 0 5 2 7 for th e m ean. O f th e th re e statio n s com m on to th e tw o surveys th e erro r for A ix-la-C hapelle is positive, w hilst those o f G h e n t and M echlin are negative. W e have th e re fo re indications o f th e existence o f some g re a t d istu rb in g cause, w hich, by in creasin g th e in te n sity a t th e eastern stations, tends to a lte r th e direction o f th e isodynam ics, and to rem ove fu rth e r a p a rt th e lines passing th ro u g h points w hose T o tal F o rce differs by a co n stan t q u an tity . A centre o f local m agnetic force m ay therefo re n o t u n n a tu ra lly be so u g h t for in th e eastern p o rtion o f B elgium , and th e geological m ap of th e co u n try presents a t once a ready answ er to th e inquiry. S ta rtin g from th e neig h b o u rh o o d o f M ons, th e vast coal tracks o f B elgium , rich in iron ore, stretch across th e eastern provinces, enveloping MDCCCLXXIIT. 3 A N am ur, Liege, and A ix-la^Chapelle, w h ilst th e rem ain d er o f th e co u n try appears to be w holly devoid o f all ferruginous w ealth . As a fu rth e r series of observations in th is reg io n m ig h t th ro w considerable lig h t on th e subject o f local m agnetism , I purpose, unless th e w ork is previously u n d e rta k en by others, again to observe th e m agnetic elem ents a t closer statio n s w ith in th is in te re stin g area.
I f th e disturbing cause is unchangeable, it w ill p ro b ab ly n o t in te rfe re m u ch w ith th e determ ination of th e secular variatio n o f th e In te n sity as given in th e an n ex ed T able. The Magnetic Declination.
I n th e observations for d e term in in g th is elem en t th e a zim u th o f th e fixed m a rk was found by ta k in g transits of th e sun w ith a tra n sit-th e o d o lite b y Simms, kin d ly placed a t my disposal for th is survey by J . Siioolbred, E sq., C/E. ; an d th e a n g u lar distance betw een the m ark and th e m agnetic m erid ian was re a d on J ones's unifilar. The-sam e tripod served for b o th instru m en ts. B efore observing th e sun, th e fixed m a rk was bisected by th e w ire o f th e telescope, w h en th e verniers o f th e azim uth-circle read 0° and 180 ; th u s th e figures in th e 6 th colum n o f T ab le X IV . are e ith e r th e m eans o f th e readings as tak en , or th e ir defect from 360°.
T h e same m agnet was used for all th e observations, an d each e n try is th e m ean o f th e readings w ith erect and inv erted scale. T h e scale-coefficient is 2' 9"*805. F o r th e observations a t th e B oyal O bservatory, B russels, on th e 9 th o f A u g u st, th e zero-m ark was n o t determ ined by observed tran sits w ith th e th eo d o lite, b u t a plum b-line was suspended in th e m eridian in fro n t o f th e m agnetic h u t by aid o f th e large tran sit in stru m e n t o f th e ODservatory, an d th e n th e u n ifilar w as a d ju sted in th e m eridian as -accurately as th is m ethod w ould perm it. T h e ch ro n o m eter used was F rodsham's N o. 3148. T h e follow ing T ab le contains th e resu lts o f th e com parisons m ade a t Brussels and S to n y h u rst:- I t was n o t possible to com pare th e ch ro n o m eter o fte n e r; b u t th is is less to be reg retted , as th e behaviour o f th e in s tru m e n t d u rin g th e F re n c h surveys show ed th a t it is n o t liable to any g re a t change o f ra te w h ilst trav ellin g , i f carried always w ith care. A s it was previously found th a t th e ra te o f th e ch ro n o m eter co u ld be m ore securely tru ste d th a n th e deduced ra te s from observed a ltitu d e s o f th e sun, th e la tte r w ere n o t observed in Belgium . use o f th e m agnetogram s o f S to n y h u rst O bserv ato ry , as no co n tin u o u s reco rd s have as yet been o b ta in e d in B elg iu m o f th e m a g n etic elem ents. T h e differences b etw een th e ordinates o f th e curve a t th e ab so lu te tim es o f observation, a n d th e m ean o rd in a te fo r Ju ly , A u g u st, S ep tem b er, an d O ctober, m u ltip lie d in to 2 8 ' 3 8"-9, th e scale-coefficient o f th e D eclin atio n M ag n e to g ra p h , give a close a p p ro x im a tio n to th e c o rrectio n re q u ire d for red u cin g th e re su lts to S e p te m b e r 1 st fo r S to n y h u rst. T o ap p ly th ese to observa tions m ade in B elg iu m I have in tro d u c e d th e fa c to r 0 6 9 , as I find fro m th e m ean values obtained a t th e B russels O bservatory fo r 9 A .M ., noon, 3 p . m . , a n d 9 p . m . , co m p ared w ith those deduced a t S to n y h u rst fo r th e sam e h o u rs, th a t th e m o v em en ts are in th e ra tio o f 0*69 to 1. T h is w ill o f course give only a first a p p ro x im a tio n , b u t th e d a ta w ill scarcely adm it o f g re a te r exactness. T able X V .
T h e figures in colum n 3, w h ich are o b ta in e d d ire c tly fro m th e unifilar, fu rn ish th e first m em bers o f th e eq uations, w hose so lu tio n is If, on th e o th e r h a n d , we use th e co rrected values o f co lu m n 4 in th e fo rm atio n o f our equations, th e so lu tio n becom es
x -0-0 1 1 5 4 9 2 , y = -0 -0 0 2 2 2 0 2 , D = 170-3 3 6 8 ; a n d th e n th e isogonics lie a t a n a n g le o f 10° 5 2 ' 54"*7 to th e astro n o m ical m eridian, an d th e ir distance is 42*51 m iles. T h e co rrectio n s h av e th e re fo re a lte re d very consider ably th e direction o f th e isogonics w ith o u t affecting m u c h th e ir distan ce a p art. W e m ay ju d g e from th e follow ing T a b le how fa r th e se c o rrectio n s have d im in ish ed th e p ro b a b le erro r in th e resu lts. T h e probable errors a t any statio n w ill th e re fo re b e + 0 * 1 6 5 8 5 fo r th e uncorrected a n d + 0 * 1 5 2 3 4 for th e corrected values, w h ilst th o se o f th e m ean a re respectively + 0-04146 and + 0 -0 3 8 0 9 .
T h e direction of th e isogonics, w h en th e corrected n u m b ers are em ployed, approaches n e arer to th a t found for F ran c e th a n w hen th e u n co rrected observations are used, b u t i t is still considerably in defect. T h e re is scarcely any difference b etw een th e closeness o f th e lines in B elgium an d in th e W e s t o f France.
F o r th e calculation o f t h e secular v ariatio n o f th e D eclin atio n , th e only available observations m ade o u t o f B russels are those o f L amoistt in 1858, since th e two observa tions o f last cen tu ry m en tioned a t th e b e g in n in g o f th is p a p e r w ould n o t h elp us to ascertain th e actu al yearly change o f th is elem ent. D r. L amont observed a t A ix-laChapelle, G h en t, and M e c h lin ; b u t as I did n o t ta k e th e D eclin atio n a t M echlin, th e comparison is confined to tw o stations. G h e n t......'............. ................ The yearly acceleration is th erefo re constant, an d = -0*00158. T he observations a t B russels give very u n satisfacto ry resu lts, w hen we reg ard th e absolute values, and n o t m erely th e yearly change a t a p e rm a n en t u n a lte re d statio n . I n 1858 Lamont found a difference o f 28' b etw een th e D eclin atio n a t th e observatory and th a t a t a statio n n o t fa r d is ta n t; E . Quetelet confirm ed th is re su lt th e sam e year, th e difference being 3 0 '; and now , a t positions so close to g e th e r as th e observatory a n d 131 rue R oyale, I find a still g re a te r m ean difference. T h e D eclin atio n observations m ade at Brussels d u rin g th is survey w ere as fo llo w s:- T he station n e ar th e observatory, th o u g h ap p aren tly n o t free from d istu rb in g influences, gives from th e corrected values a re su lt alm ost identical w ith th e com puted quantity, since it is w ith in th e range o f its probable error, w hilst th e resu lt for th e observatory itse lf is m ore th a n h a lf a degree in excess. T his difference o f D eclination, com bined w ith th e fact th a t th e e rro rs o f th e observed D ip a t b o th stations are positive and th e ir errors o f H . F . b o th negative, m ig h t ju stify th e assu m p tio n th a t th e disturbing cause is situ ated a t no g re a t distance from th e observatory, a n d p ro b ab ly a t som e depth and to th e W . o f th e N . m eridian . T h e pro b ab le erro rs o f th e observed D ip an d H . F. a t th e observatory w ere n o t very la rg e , b ein g respectively + 7 ' 15" an d -0-0070.
18-
I t m ay be o f advantage, in p a rtic u la r fo r th e discussion o f th e errors o f th e T otal Force, to p resen t h e re in a ta b u la r form a geological d escrip tio n o f th e stations of observation. T h e d a ta in th is T ab le are ta k e n from th e e x cellen t m ap o f M. A ndr£ D umont, a copy o f w hich w as k in d ly p re sen te d to m e fo r th is p u rp o se by h is son. T h e th re e m aps annexed to th is p a p e r (P la te s X I X .-X X I .) show th e general direction o f th e lines o f equal D ip, H . F ., and D eclin atio n . T h e b ro k e n lines for 1871 are calcu la te d on th e supposition o f th e isoclinals, isodynam ics, an d isogonics b ein g approxi m ately stra ig h t, and th e observed m ean values are a tta c h e d to each station in order to show how nearly these stra ig h t lines re p re se n t th e a ctu a l curves.
T his has also been m ade m ore evident by in tro d u cin g th e curves of eq u al values, w hich are represented by continuous lines. T h e m eth o d ad o p ted in draw ing these lines is shown in th e m ap o f th e isodynam ics ; an d th e shaded portions o f th e same m ap indi cate th e position and e x ten t o f th e coal-beds o f B elgium , w hich lie, for th e m ost part, along th e banks o f th e M euse.
T h e greatness o f th e accidental errors, as w ell as th e narrow lim its o f th e tra c t of country u n d e r consideration, ren d ers it very difficult to trace, w ith any great degree of accuracy, th e probable curvature o f th e actual lines of equal D ip, D eclination, and In te n sity. B u t bearing in m ind th a t in all cases th e errors arising from defects of station or o f observation m ask to a g reat ex ten t th e real n a tu re o f these curves, we m ay still clearly perceive tw o a p p a re n t cen tres o f d is tu rb in g actio n ,-th e one situ a te d in th e N .W . centre, an d m an ifested by a g re a t increase o f th e D ip a n d a d im in u tio n o f th e H o riz o n ta l Force, an d th e o th e r, m ore ex ten d e d a n d less in te n se, stre tc h in g alo n g th e C oal-m easures, and giving evidence o f its ex isten ce b y a d im in u tio n o f th e D ip a n d an increase o f th e H o rizo n tal c o m p o n en t o f th e In te n sity .
T h e dotted lines are an enlarged reproduction o f th e curves on L amont's m a p s ; and from being enlarged th ey w ill naturally give a som ewhat exaggerated idea o f th e lesser inequalities, though th e general curvature be perfectly correct.
I w ill now conclude th is p a p e r w ith a lis t o f th e m a g n etic elem en ts a t th e several stations, th e observations b e in g a ll re d u c ed to th e com m on epoch, J a n u a ry 1st, 1872. I n th is re d u c tio n I h av e a d o p ted th e y early ch an g es d e te rm in e d b y th e survey, viz. -0*0573, -f-0*00542, -0*01155, an d -0*1255 resp ectiv ely fo r th e D ip , H . F ., T . F ., and th e co rrected D eclin atio n .
